o f a f e d e r a l ..action. 'Because o f the l i m i t a t i o n s of time, money, and manpower, t h i s r e q u i r e m e n t t h a t a l l impacts be considered has l e d t o s u p e r f i c i a 1 a n a l y s i s of many i m p o r t a n t impacts. Data c o l l e c t i o n has 1 a r g e l y beeri 1 i m i t e d t o the enumeration o f sp'ecies because t h i s i n.formati on 'can be a p p l i ed t o t h e a n a l y s i s o f . any problem. The
P r e s i d e n t 1 s Council on Envi ronmen t a l Qua1 i t y (CEQ) has p r o v i ded a s o l u t i o n t o t h i s problem
by r e i n t e r p r e t i n g NEPA as r e q u i r i n g a n a l y s i s of those impacts which'. have s i g n if i c a n t b e w i n g on d e c i s i o n making.
Because assessment resources can now be concentrated on a' few c r i t i c a l issues, i t should be p o s s i b l e t o p e r f o r m f i e l d p e r t u r b a t i o n experiments t o p r o v i d e d i r e c t evidence o f t h e e f f e c t s o f a s p e c i f i c m i x t u r e o f p o ' l l u t a n t s o r p h y s i c a l d i s t u r b a n c e s on t h e . s p e c i f i c r e c e i v i n g ecosystem. Techniques are described ' f o r f i e l d s i m u l a t i o n o f gaseous
and p a r t i c u l a t e a i r p o l l u t i o n , s o i l p o l l u t . a n t s , 'di"sturbance o f t h e e a r t h ' s s u r f ace, and d i s t u r b a n c e o f w i 1 d l i f e. ~h e s e techniques a r e discussed i n terms o f ' t h e i r r e a l i s m , cost, and t h e r e s t r i c t i o n s which ' t h e y p1 ace on t h e measurement o f e c o l o g i c a l parameters. Development and use o f these f i e l d p e r t u r b a t i o n techniques should g r e a t l y improve t h e accuracy o f p r e d i c t i ve assessrnents and f u r t h e r our understanding of 
The t s r r e s t r i a l e c o l o g i c a l i n f o r m a t i o n contained i n environmental
impact,statements and assessments has l a r g e l y been l i m r e l a t i v e abundance. -. This i n f o r m a t i o n c o n t r i b u t e s l i t t l e t o a n a l y s i s of ' . : : : : ' t o any spec i f i c anthropogenic s t r e s s are -extremely 1 i m i ted.
. .
E x t r a p o l a t i o n ' from s t u d i e s o f o t h e r species are d i f f i c u l t because.
'taxonomic simi 1 a r i t y does n o t i m p l y simi 1 ar s e n s i t i v i t y . T h i s d i f f i c u l t y i s compounded b y v a r i a t i o n i n s e n s i t i v i t y due t o a v a r i e t y o f environmental ' f a c t o r s i n c l u d i n g s o i l , c l i m a t e and popul a t l o n ' ' parameters. I n addi t i on, t o x i c a n t s , noise, and o t h e r p e r t u r b a t i o n s
occur as m i x t u r e s which may produce s y n e r g i s t i c and a n t a g o n i s t i c responses. The number o f combina.tions o f species, environmental c o n d i t i o n s and t o x i c a n t m i x t u r e s i s so l a r g e as t o overwhelm t h e resources o f t r a d i t i o n a l l a b o r a t o r y t o x i c o l o g y . Because these problems prevent assessment o f impacts a t t h e l e v e l o f t h e i n d i v i d u a l organism, assessment of popul a t i on and c o n u n i t y and ecosystem 1 eve1 ( h i g h e r l e v e l ) e f f e c t s from species l i s t s are a l s o precluded.
T h i s dismal s i t u a t i o n cannot be remedied by s i m p l y c o l l e c t i n g more and b e t t e r data concerning popul a t i on-and community-level p r o p e r t i e s o f t h e proposed r e c e i v i n g systems. Theories p r e d i c t i n g population, cornnun i t y and ecosystem l e v e l responses t o p e r t u r b a t i o n s such as t h e d i v e r s i t y -s t a b i l i t y h y p o t h e~i~s are e i t h e r c u r r e n t l y discounted o r are organisms, i n hunting, or i n s e l e c t i v e timber harvesting. Even these assessments are t y p i c a 1 l . y l i l n i t e d t o t h e l e v e l o f e c o l o g i c a l o r g a n i z a t i o n d i r e c t l y a f f e c t e d . Assessments o f h u n t i n g g e n e r a l l y do n o t c o n s i d e r community-level e f f e c t s . Assessments o f r i g h t -o f -w a y management and o t h e r comnunity manipul a t i o n s do n o t consider ecosystem-1 eve1 e f f e c t s such as energy and n u t r i e n t t r a n s f e r s between Anthropogenic p e r t u r b a t i o n s such as emissions o f t o x i c a n t s , water vapor, n o i s e and b e h a v i o r a l d i s t u r b a n c e a f f e c t t h e r a t e s o f e c o l o g i c a l processes. These e f f e c t s a r e acknowledged i n impact assessments b u t a r e seldom q u a n t i f i e d . I n t h e absence of i n f o r m a t i o n which p e r m i t s even rough q u a n t i f i c a t i o n of e f f e c t s , assessors t y p i c a l l y assume t h a t t h e r e w i l l be no s i g n i f i c a n t e f f e c t s i f a l l l e g a l requirements are met. T h i s s t r a t e g y o f t e n f a i l s because t h e p r i m a r y r e g u l a t o r y emphasis i s on p r o t e c t i o n o f human h e a l t h . T h i s r e g u l a t o r y bent i s demonstrated by t h e r e c e n t i n c r e a s e i n t h e secondary ambient a i r qua1 i t y standard f o r ozone t o l e v e l s a t which s i g n i f i c a n t p h y t o t o x i c e f f e c t s occur (Heagl e e t a1 . 1979b).
The l o g i c a l and d i r e c t s o l u t i o n t o t h e problem o f assessing
, secondary e f f e c t s and n o n -l e t h a l p r i m a r y eff.ects i s t o perform experimental . p e r t u r b a t i o n s of t h e proposed ' r e c e i v i n g system. These would c o n s i s t o f e i t h e r s i m u l a t i o n s o f proposed p e r t u r b a t i o n s such as t h e v a r i o u s x f i e l d f u m i g a t i o n techniques o r i m p o s i t i o n o f t h e a c t u a l p e r t u r b a t i o n on a small scale. This o p t i o n has been l a r g e l y .precluded . . i n t h e past by t h e j u d i c i a l mandate t o make impact statements " f u l l Examination of chronic pol'lutant e f f e c t s requires the use of more elaborate systems t o avoid serious a l t e r a t i o n of the p l a n t ' s The ZAPS system i s n o t capable o f d e l i v e r i n g f i l t e r e d a i r t o exclude ambient p o l l u t a n t s so t h e y can be used t o study t h e e f f e c t o f a i r p o l l u t i o n increments but n o t background p o l l u t i o n . The Tennessee V a l l e y A u t h o r i t y has developed an a i r -e x c l u s i o n system t o study e f f e c t s of power p l a n t emissions on crops ( 
i t y i s n e a r l y absolute. T h e i r ma,ior disadvantage i s t h e l a r g e e f f e c t o f t h e chamber on t h e physical c h a r a c t e r i s t i c s o f the t e s t environment (chamber e f f e c t ) which can s i g n i f i c a n t l y a l t e r t h e s u s c e p t i b i l i t y o f t h e t e s t organisms t o s t r e s s . This c h a r a c t e r i s t i c l i m i t s t h e i r u t i l i t y t o studies o f
responses t o b r i e f , i n f r e q u e n t episodes o f fumi g a t i on such as r e s~~l t.
.
From impact o f a p o o r l y dispersed plume w i t h t h e ground.
Opening t h e t o p o f fumigation chambers g r e a t l y diminishes chamber e f f e c t w h i l e r e t a i n i n g a l a r g e measure of c o n t r o l over t h e t e s t atmosphere. Heagle e t a1 . (1979a) performed extensi ve measurements on an EPA-type chamber which i n d i c a t e d t h a t chamber e f f e c t s were smaller than are b e l i e v e d necessary t o a f f e c t p o l l u t a n t s e n s i t i v i t y (0.56-0.86'~ higher temperatures, 88% 1 i ght transmission, 1.47-3.07 km/hr a i r speed and no measurable change i n r e 1 a t i ve humidity).
Reported performance o f the o r i g i n a l Boyce Thompson chamber i s comparable (Mandl e t a1 . 1973 ), but Kats e t a1 . (1976) 
found 1 i g h t i n t e n s i t i e s o f o n l y 45-75% o f ambient i n a Boyce Thompson t y p e chamber. Heagle e t a l . (1979a) summarize seven years o f experience w i t h EPA-type chambers as i n d i c a t i n g t h a t chamber effect causes a
s l i g h t but s i g n i f i c a n t increase i n p l a n t h e i g h t but " r a r e l y " a f f e c t e d y i e l d . Howell e t a1 . (1976) , however, found s i g n i f i c a n t reductions i n soybean y i e l d due t o chamber e f f e c t . The major f a c t o r i s probably t h e " r a i n s hadow" created by the chamber w a l l s, b u t t h i s probl em r e q u i r e s f u r t h e r study. A second t e c h n i c a l problem w i t h open-top chambers i s the ingress o f ambient a i r , p a r t i c u l a r l y i n t o f i l t e r e d a i r chambers.
This problem may be reduced by adding a simple b a f f l e t o t h e t o p o f t h e chamber (Kats e t a l . 1976), b u t r e s u l t s have been i n c o n s i s t e n t .
The ZAPS-type systems p r o v i de t h e 1 east i n t e r f erence w i t h n a t u r a l 
t i o n i s approximately perpendicular t o t h e l i n e o f p l o t s ( M i l l e r e t a l . 1977). While t h e v a r i a t i o n i n dose associated w i t h ZAPS-type systems i s probably t o o h i g h f o r purposes nf standards s e t t i n g , i t i s not l a r g e r e l a t i v e t o t h e v a r i a t i o n i n dose d e l i v e r e d by a r e a l plume. The v a r i a t i o n i n response t o c l imate f a c t o r s may i n f a c t make ZAPS a b e t t e r simulator o f plume e f f e c t s than
chambers which a r e e i t h e r on a t a r e l a t i v e l y constant dose or o f f . e f f e c t s are thought t o be impor,tant o r i f s t r u c t u r a l l y d i f f e r e n t p l a n t comnunities must be tested.
PRECIPITATION
P r e c i p i t a t i on scavenges p o l l u t a n t s from t h e atmosphere i n c l u d i n g gases, aerosols, and p a r t i c u l ates. Contaminated r a i n f a1 1 has been simulated i n t h e f i e l d u s i n g a v a r i e t y of sprayer nozzles, i r r i g a t i o n s p r i n k l e r s and watering cans. A p o r t a b l e s p r i n k l g r system developed by S h r i ner e t a1 . (1977) open-top chambers a t Oak Ridge National Laboratory and t h e Boyce Thompson I n s t i t u t e i n order t o study t h e combined e f f e c t s o f acid r a i n and gaseous p o l l u t a n t s . Real r a i n could be collected and dispensed i n order t o generate t h r e e treatments e q u i v a l e n t t o t h e filtered, a m h i~n~, and p o l l u t e d a i r treatments. While a c i d i t y i s t h e primary concern i n r a i n experiments, i t may be important t o consider other r a i n contaminants i n c l u d i n g r a i n entrained p a r t i c l e s (Whitford 1968).
ATMOSPHERIC PART1 CLES
Atmospheric p a r t i c l e s and aerosols are d i f f i c u l t t o r e a l i s t i c a l l y generate, dispense or c o n t r o l i n experimental systems. F i l t e r e d open-top chambers exclude most p a r t i c l e s , b u t the unnatural upward . a i r movement i n these chambers must r e s u l t i n u n r e a l i s t i c r a t e s and patterns of deposition. Chamber e f f e c t s make comparisons of f i l t e r e d chambers w i t h open plots questionable. P a r t i c l e s 1 arger than 5 pm aerodynamic ( r e s i s t a n c e ) diameter ( D a ) s e t t l e r e l a t i v e l y rapidly and may be expected t o s e t t l e . .. approximately below the point of release in reasonably s t i 11 
For preoperati on experiments, sources of ash and similar p a r t i c l e s other than d u s t must be p i l o t plants or plants similar t o the one being
assessed and using a similar f u e l . Stack-emitted p a r t i c l e s are best represented by p a r t i c l e s collected from the stack. A system has been developed t o c o l l e c t kilogram q u a n t i t i e s of size-fractionated p a r t i c l e s from stacks (McFarland e t a l . 1977). An a l t e r n a t e strategy is t o use material collected in e l e c t r o s t a t i c precipitators or bag houses. This material must be sorted because the f i n e p a r t i c l e s which escape such systems have higher concentrations of organic and metal i c compounds t h a n t h e average o f those t h a t are retained. Raabe e t a1 . (1979) d e s c r i b e a s i z e c l a s s i f i c a t i o n system developed f o r t h i s purpose.
P a r t i c l e s may be m o d i f i e d t o simulate the emissions from a new techno1 ogy by adsorbing substances onto t h e p a r t i c l e surface (Miguel e t a l . 1979). Completely s y n t h e t i c aerosols can be generated from s o l u t i o n s f e d through a v i b r a t i n g o r i f i c e (Wedding and Stukel 1974). T h i s approach i s p a r t i c u l a r l y u s e f u l f o r studies of s u l f a t e aerosols
and other aerosols which form from d r o p l e t s i n the atmosphere.
SOIL POLLUTION

Energy development may r e s u l t i n the containination o f s o i l by a v a r i e t y o f non-airborne p o l l u t a n t s . These i n c l u d e s p i l l e d n a t u r a l and synthetic fuels, p e s t i c i d e s and h e r b i c i d e s used on rights-of-way or
biomass p l a n t a t i ons, " 1 and-f ormed" wastes, and 1 eachates from wastes o r s t o r e d s o l i d f u e l s . A l l of these may be simulated by applying the contaminant d i r e c t l y t o t h e s o i l -v e g e t a t i o n surface. but experimental designs are consi derably compl i cated by considerations of dose, frequency and c o l l a t e r a l treatments such as t i l l a g e , f e r t i l i z a t i o n and r e v e g e t a t i on. Nearly all studies of the leaching of solid wastes and the f a t e and effects of leachates have consisted of laboratory leaching experiments which provide materi a1 for 1 aboratory studies of toxicity or simply monitor e x i s t i n g l a n d f i l l s . The need f o r preoperational experiments which are more r e a l i s t c than 1 aboratory leaching i s becoming more widely recognized. Boegly (1979) , and Skogerboe e t a l . (1974) , A1 1 red e t a1 . (1975) , and Stanlgy e t a l . (1978) . The use of buried high-voltage e l e c t r i c a l transmlss=ion l i n e s will also involve considerable s o i l heating or, in t h e case of superconductors, soil cooling. Soil heating can have s i g n i f i c a n t e f f e c t s on vegetation and t h e soil biota due t n changer in evapotranspiration r a t e s , growing season, s o i l freeze-thaw cycles and the r a t e s of microbi a1 processes occurring in the s o i l .
O i l s p i l l s on land have received considerably l e s s a t t e n t i o n than s p i 11s on water. Most t e r r e s t r i a l o i l s p i 11 research has been c a r r i e d o u t i n connection w i t h Alaskan and Canadian o i l p i p e l i n e s (Deneke e t a l . 1975, M i l l e r e t a l . 1977). These experiments have included t h e s p r a y i n g and f l o o d i n g o f t a i g a and tundra vegetation and s o i l w i t h re1 evant crude o i l s . S i m i l a r experiments concerning t h e f a t e and
SURFACE DISTURBANCE
Because of the 1 arge body of theory and experience concerning t e r r e s t r i a1 ecological succession, the effects of most surf ace disturbance are broadly predictable on the basis of a description of the preexisting comnunity. However, disturbances which drastically a l t e r the character of the substrate such as disposal of mine, mill' or dredge spoils and tailings can unpredictably a l t e r the course of succession. Such novel substrates may require considerable management in order to establish a self-maintaining community and prevent excessive erosion. Shaller and Sutton 1978 , Thames 1977 , Wright 1978 , and Vories 1976 and two bibliographies (Goodman and Bray 1975; and Bituminous Coal Research, I nc. 1975) .
Reclamation experiments present no great conceptual d i f f i c u l t i e s and the technical d i f f i c u l t i e s have to do w i t h obtaining substrate to t e s t early in the decision
Less d r a s t i c d i s t u r b a n c e s may r e q u i r e i n v e s t i g a t i o n when t h e source o f d i s t u r b a n c e i s novel such as air-cushioned v e h i c l e s o r t h e
e experiments conducted i n connection w i t h o i l and gas development i n t h e a r c t i c . I n v e s t i g a t i o n s o f t h e response o f t u n d r a v e g e t a t i o n t o v a r y i n g i n t e n s i t i e s o f d i s t u r b a n c e by d i f f e r e n t t y p e s o f v e h i c l e s r e v e a l e d responses r a n g i n g f r o m promotion o f p l a n t growth t o long-term s c a r r i n g o f t h e s u r f a c e ( R i c k a r d and Brown 1974, and C h a l l i n o r and Gersper 1975).
WILDLIFE DISTURBANCE Disturbance o f ~i l d l i f e can r e s u l t i n h a b i t a t abandonment, r e p r o d u c t i ve f a i l ure, o r p h y s i o l o g i c a l s t r e s s due t o arousal and S l i g h t . The s e v e r i t y o f t h e responses t o a p a r t i c u l a r a c t i v i t y depend on t h e importance o f t h e h a b i t a t i n v o l v e d and t h e s e n s i t i v i t y o f the p a r t i c u l ar organisms. Sens i t i v i t y v a r i e s g r e a t l y between p o p u l a t i o n s o f a s p e c i e s due t o d i f f e r e n c e s i n t h e i r h i s t o r y o f human c o n t a c t , (Gei s t 1971). D i s t u r b a n c e s i m u l a t i o n s may s i m p l y c o n s i s t o f
o b s e r v a t i o n s o f t h e d i s t a n c e a t which animals f l e e from an approaching human ( S t a l m a s t e r and Newan 1978). Animals may be experimental 1 y exposed t o n o i s y equipment (Freddy e t a l . 1977) , o r noise-making devices may be u t i l i z e d t o s i m u l a t e p a r t i c u l a r development a c t i v i t i e s (White and Thurow 1979). W h i l e f l i g h t d i s t a n c e i s t h e parameter which i s most e a s i l y o b t a i n e d and i n t e r p r e t e d , much more complete know1 edge o f e f f e c t can be o b t a i n e d by observing p h y s i o l o g i c a l parameters such as h e a r t r a t e o r popul a t i on parameters such as r e p r o d u c t i on r a t e . 
RELATION TO OTHER ACTIVITIES
F i e l d experiments must be coordinated w i t h o t h e r assessment a c t i v i t i e s . Before experiments can be p l anned, a p r e l i m i n a r y f i e l d and l i t e r a t u r e survey must c h a r a c t e r i z e t h e r e c e i v i n g system; r e v i e w o f t h e p r o j e c t p l ans must i d e n t i f y p o t e n t i a1 sources o f p e r t u r b a t i on and t h e scoping process must i d e n t i f y t h e i m p o r t a n t issues. R e s u l t s o f f i e l d experimen'ts must be a v a i l a b l e f o r t h e NEPA 
assessment. The t i m e a v a i l a b l e p r i o r t o t h e assessment depends t o a l a r g e e x t e n t on t h e p o l i c i e s o f t h e f e d e r a l and s t a t e agencies involved; t h e
1978) encourage t h e s e t t i n g o f t i m e l i m i t s on t h e NEPA process and
i n c l u d e i n t h e l i s t o f considerdt-ior~s Lhe " s t a t e of t h e a r t i n a n a l y t i c a l techniques" and t h e "degree t o which r e 1 evant i n f o r m a t i o n i s known and i f n o t known t h e t i m e r e q u i r e d f o r o b t a i n i n g it." They r e q u i r e t h a t any t i m e l i m i t s be " c o n s i s t e n t w i t h t h e purposes o f NEPA." Thus, f i e l d experiments should be planned t o r u n f o r a t l e a s t one year p r i o r t o t h e f i r s t assessment and should r u n l o n g e r i f necessary t o support choices between a1 t e r n a t e designs o r a c t i o n s .
F i e l d experiments s h o u l d t y p i c a l l y c o n t i n u e beyond t h i s f i r s t assessment i n o r d e r t o e l u c i d a t e c h r o n i c e f f e c t s as e a r l y as p o s s i b l e
i n t h e course o f development. S l i p s i n development schedules are t h e r u l e r a t h e r than t h e exception, and t h e y may p e r m i t considerable t i m e f o r data c o l l e c t i o n b e f o r e disturbances begin. Federal agencies a r e r e q u i r e d t o prepare supplements t o environmental impact statements i f " t h e r e are s i g n i f i c a n t new circumstances o r i n f o r m a t i o n r e l e v a n t t o environmental concerns and b e a r i n g on t h e proposed a c t i o n o r i t s impacts" (CEQ 1978) . T h i s requirement i m p l i e s an o b l i g a t i o n on t h e p a r t o f f e d e r a l agencies t o c o n t i n u e t o o b t a i n r e l e v a n t i n f o r m a t i o n a f t e r issuance o f an impact statement i f t h e i n f o r m a t i o n c o u l d be reasonably expected t o a f f e c t t h e outcome of t h e assessment. (1976) , i t i s impossible t o q u a n t i f y t h e s t r e s s response.
COST
The CEQ has r e q u i r e d t h a t " i f the i n f o r m a t i o n r e l a t i v e t o adverse impacts i s e s s e n t i a l t o a reasoned choice among a l t e r n a t i v e s a n d . s a l a r y f o r one f u l l -t i m e t e c h n i c i a n t o m a i n t a i n and operate t h e system and t o perform t h e sampling. Costs of t h e other types o f p e r t u r b a t i o n experiments w i l l be more v a r i a b l e b u t should be lower because s p e c i a l equipment i s not necessary t o simulate the p e r t u r b a t i o n . These costs are low r e l a t i v e t o t h e $750,000 t o $1,500,000 t h a t i s t y p i c a l l y spent t o gather data i n t o an environmental r e p o r t f o r a power p l a n t o r s t r i p-mi ne 1 ease. aIncludes t h e p o l l u t a n t gas monitoring system. U n i v e r s i t y o f Utah, S a l t Lake City, Utah.
B a r r e t t , G. W. 1968 . The e f f e c t o f an acute i n s e c t i c i d e s t r e s s on a semi -encl osed grass1 and ecosystem. Ecology 49: 1019-1035.
